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Presented  are  the  results  of  engineering  flight  test  of 
the  UH-1C  (UH-1B/540  rotor)  helicopter  equipped  with  the  M-5 
grenade  launcher  and  the  XM-158  or  XM-159  airborne  rocket 
launcher  pods  suspended  from  the  XM-156  multiarmament  heli¬ 
copter  mount.  Testing  was  conducted  by  l).  S.  Army  Aviation 
Test  Activity  (USAAVNTA)  at  Edwards  Air  Force  Base,  Fort 
Irwin  and  Bakersfield,  California.  Eighty-five  flights  for 
a  productive  flight  time  of  48  hours  were  flown  on  UH-1B/ 

540  rotor  helicopter  S/N  64-14105  between  1  August  1966  and 
25  October  1966.  Testing  included  32  jettison  flights  for 
the  XM-158  pods,  20  jettison  flights  for  the  XM-159  pods  and 
16  firings  of  the  XM-159  pods. 

The  objective  was  to  determine  quantitative  effect  of  the 
XM-159  pods  installed  from  the  XM-156  mount  on  the  stability, 
control  and  performance  of  the  helicopter;  to  determine  the 
XM-158  and  XM-159  pod  jettison  characteristics  and  define  the 
flight  envelope  for  safe  jettison  of  the  pods;  and  to  deter¬ 
mine  the  flight  envelope  for  firing  the  XM-159  rocket  launcher 
pods . 


There  were  no  significant  adverse  changes  in  the  stability 
and  control  characteristics  of  the  UH-1B/540  rotor  helicopter 
due  to  the  installation  of  the  XM-159  pods.  The  previously  re¬ 
ported  longitudinal  dynamic  instability  in  climbs  was  also  pre¬ 
sent  throughout  the  tests. 

The  self-excited  undamped  lateral  2/3-per-rev  vibration 
was  prevalent  during  the  tests.  Due  to  the  possible  safety- 
of-flight  implications  this  condition  should  be  investigated 
and  corrected  if  necessary. 

Insufficient  rocket-to-aircraft  clearance  for  firing  the 
XM-159  pods  on  the  XM-156  mount  was  present  without  the  addition 
of  4-inch  cast  aluminum  spacers  between  the  XM-156  mount  and  the 
universal  pylon. 

The  XM-159  pods  were  adjusted  to  maximum  elevation  to  pro¬ 
vide  sufficient  clearance  for  firing  with  the  spacers  installed. 

No  major  stability  and  control  problems  were  encountered 
during  the  firing  tests  of  the  XM-159  or  during  the  jettison 
tests  of  both  the  XM-158  and  XM-159.  Recommended  flight  enve¬ 
lopes  were  developed  for  jettison  of  both  sys.tems. 


FOREWORD 


The  U.  S.  Army  Test  and  Evaluation  Command  (USATECOM) 
assigned  to  the  U.  S.  Army  Aviation  Test  Activity  (USAAVNTA) 
responsibility  for  preparing  test  plan,  conducting  test,  and 
submitting  final  report. 
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PHOTO  1  -  UH-1B/540  helicopter  with  XM-159/M-5  armament  subsystem 


PHOTO  2  -  UH-1B/540  helicopter  with  XM-158  7  round  rocket  launcher 
and  XM-16/M-5  armament  subsystem 


INTRODUCTION 


1 .  1  BACKGROUND 

1.1.1  XM-158  Airborne  Rocket  Launcher  Pods 


The  7-round,  2.75-inch  XM-157  (modified  LAU  32A/A) 
airborne  rocket  launcher  pods  currently  used  with  the  XM-16 
and  XM-21  armament  subsystems  are  considered  by  the  U.  S. 

Army  Missile  Command  Redstone  Arsenal,  Redstone,  Alabama, 
as  failing  to  fully  satisfy  the  unique  requirements  of  the 
Army.  Particularly,  they  are  not  reusable  after  exposure 
to  hot  humid  environments.  Since  U.  S.  Navy  and  U.  S.  Air 
Force  tactics  are  to  jettison  the  pods  after  use,  the  pods 
need  not  be  reusable.  For  U.  S.  Navy  and  IJ.  S.  Air  Force 
use,  however,  the  rocket  tubes  must  be  inclosed  with  a  fair¬ 
ing  to  minimize  drag.  Fairings  are  not  essential  for  use 
with  present  Army  helicopters  and  the  pods  must  be  reusable. 

The  7-round,  reusable,  unfaired,'  2.75-inch  XM-158  airborne 
rocket  launcher  pods  has  therefore  been  developed  specifi¬ 
cally  for  Army  use  to  replace  the  XM-157  airborne  rocket 
launcher  pods. 

USATECOM  issued  a  test  directive  to  USAAVNTA  on  4 
August  1965  to  conduct  engineering  tests  to  determine 
whether  the  jettison  envelope  with  the  XM-157  pods  is  ap¬ 
plicable  to  the  XM-158  pods.  Additionally,  stability  and 
control  tests  were  to  be  conducted  as  deemed  necessary  to 
determine  whether  information  in  the  operator's  manual 
should  be  supplemented. 

The  plan  of  test  for  engineering  test  of  armament 
subsystems  installed  on  the  UH-1B/540  rotor  helicopters, 

USATECOM  Project  No.  4-5-1591-01,  was  submitted  by  USA¬ 
AVNTA  in  August  1965.  USATECOM  approved  this  test  plan 
on  15  October  1965  as  the  basis  for  conducting  the  engi¬ 
neering  test  of  the  XM-158  rocket  launcher  pods. 

A  recommended  jettison  envelope  for  XM-158  airborne 
rocket  launcher  pods  suspended  from  the  XM-156  multiarmament 
helicopter  mount  on  a  UH-1B/540  rotor  helicopter  was  sub¬ 
mitted  by  USAAVNTA  on  30  September  1966  (appendix  V,  para¬ 
graph  i)  . 

1.1.2  XM-159  Airborne  Rocket  Launcher  Pods 

To  meet  a  need  for  additional  armament  subsystems  with 
a  large  capacity  of  2.75-inch  folding-fin  aerial  rockets  (FFAR's) , 
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it  was  proposed  to  use  two  19-round  XM-159  airborne  rocket 
launcher  pods  suspended  from  the  XM-156  multiarmament  heli¬ 
copter  mount  on  the  UH-1B/540  rotor  helicopter.  USATECOM 
issued  a  test  directive  to  USAAVNTA,  on  30  March  1966,  to 
conduct  engineering  test  with  respect  to  performance,  stab¬ 
ility  and  control,  and  handling  characteristics  of  the  UH- 
1B/540  rotor  helicopter  equipped  with  the  XM-159  airborne 
rocket  launcher  pod.  This  included  establishing  a  safe 
jettison  flight  envelope.  USAAVNTA  submitted  a  test  plan 
dated  June  1966  which  was  approved  by  USATECOM  and  for¬ 
warded  to  the  U.  S.  Army  Materiel  Command  on  19  August  1966. 
Shake  tests  were  conducted  by  the  airframe  contractor  and 
preliminary  results  were  reviewed  by  USAAVNTA  before  the 
initiation  of  the  engineering  flight  test. 

A  recommended  safety-of-flight  release  for  the  2.75- 
inch  FFAR  XM-159  airborne  rocket  launcher  pod  suspended  from 
the  XM-156  multiarmament  helicopter  mount  on  a  IJH-1B/540  rotor 
aircraft  was  submitted  by  USAAVNTA  on  4  October  1966  (appendix 
V,  paragraph  v) . 

1.1.3  XM-156  Multiarmament  Helicopter  Mount 

A  suspension  system  of  the  XM-16  or  XM-21  armament 
systems  with  the  machine  guns  and  rocket  launchers  removed 
is  designated  the  XM-156  multiarmament  helicopter  mount.  USA¬ 
TECOM  amended  the  test  directive  to  include  an  evaluation  of 
the  XM-156  multiarmament  helicopter  mount  as  well  as  the  XM- 
159  airborne  rocket  launcher  pods. 

1.1.4  Engineering  Flight  Tests 

The  engineering  flight  test  of  the  UH-1C  (UH-1B/540 
rotor)  helicopter  equipped  with  the  XM-158  rocket  launcher 
pods,  XM-159  rocket  launcher  pods,  and  XM-156  multi armament 
helicopter  mount  were  conducted  at  test  sites  in  Fort  Irwin, 
Bakersfield,  and  Edwards  Air  Force  Base,  California.  Test¬ 
ing  was  conducted  from  1  August  1966  through  25  October  1966. 
Eighty-five  flights  totaling  48  productive  flight  hours  were 
required  to  accomplish  these  tests.  The  chin  turret  mounted 
M-5  grenade  launcher  was  installed  throughout  the  test. 

1.2  DESCRIPTION  OF  MATERIEL 

1.2.1  UH-1B/540  Rotor  Helicopter 

The  UH-1B/540  rotor  helicopter  is  a  utility  helicopter 
powered  by  the  T53-L-11,  1100-shaft  horsepower  gas  turbine 
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engine.  The  rotor  system  is  a  two-bladed,  teetering,  semi¬ 
rigid  rotor  44-feet  in  diameter  with  a  27-inch  chord.  The 
fuselage  is  identical  to  that  of  the  standard  UH-1B  heli¬ 
copter  except  for  the  addition  of  a  UH-1D  horizontal  stab¬ 
ilizer  and  a  cambered  vertical  stabilizer.  A  more  detailed 
description  of  the  UH-1B/540  rotor  helicopter  is  contained 
in  appendix  III,  paragraph  1.0. 


PHOTO  3 

UH-1B/540  equipped  with  XM-158/XM-16  and  XM-21  armament  subsystem 
1.2.2  XM-158  Airborne  Rocket  Launcher  Pods 


The  XM-158  airborne  rocket  launcher  is  a  7-round,  re¬ 
usable,  2.75-inch  airborne  rocket  launcher  pod.  This  launch¬ 
er  consists  of  7  aluminum  rocket  tubes  bound  together  by  a 
stainless  steel  band  over  2  sets  of  cast  aluminum  support  seg¬ 
ments.  No  external  fairings  are  provided.  Mounting  lugs  are 
attached  to  clamping  bands  and  spaced  14  inches  apart  to  ac¬ 
commodate  mounting  from  the  standard  XM-16/XM-21  mounting 
system  (XM-156)  .  A  more  detailed  description  of  the  XM-158 
rocket  launcher  pods  is  included  in  appendix  III,  paragraph 
9.0. 
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PHOTO  4  -  UH-1B/540  equipped  with  XM-J59/M-5  armament  system 


1.2.3  XM-159  Airborne  Rocket  Launcher  Pods 


The  XM-159  airborne  rocket  launcher  pois  are  19-round, 
reusable,  2.75-inch  airborne  rocket  launcher  pods.  The  pods 
consist  of  19  aluminum  rocket  tubes  encased  in  an  aluminum 
fairing.  The  pods  have  mounting  lugs  spaced  14  inches  apart 
to  accommodate  mounting  from  the  XM-156  multiarmament  heli¬ 
copter  mount.  A  more  detailed  description  of  the  XM-159  air¬ 
borne  rocket  launcher  pods  is  included  in  appendix  III,  para¬ 
graph  10.0. 

1.2.4  XM-156  Multiarmament  Helicopter  Mount 

The  XM-156  multiarmament  helicopter  mounting  system  is 
identical  to  the  MA-4A  bomb  rack  portion  of  the  XM-16  or  XM- 
21  armament  subsystem  except  for  the  installation  of  a  19- 
round  stepper  switch.  When  used  with  the  19-round  airborne 
XM-159  airborne  rocket  launcher  pods  the  7.62  machine  guns 
and  gun  pylons  are  removed  from  the  system  to  stay  within 
weight  limitations.  The  mount  attaches  to  the  universal  stores 
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PHOTO  5  -  UH-1B/540  equipped  with  XM-159/M-5  armament  system 


pylon,  one  installed  on  either  side  of  the  UH-1B  or  UH-1B/540 
rotor  helicopter.  When  the  XM-159  airborne  rocket  launcher  pods 
are  used  4-inch  cast  aluminum  spacers  between  the  XM-156  multi - 
armament  mount  and  the  universal  stores  pylon  are  necessary  to 
provide  adequate  rocket-to-skid-tube  clearance  during  firing. 

The  manual  jettison  cable  must  also  be  extended  4  inches  when 
the  4-inch  spacers  are  used.  The  XM-156  dual  mount  is  capable 
of  carrying  and  firing  the  2.75-inch  limited-spin  folding-fin 
aerial  rocket  (LSFFAR)  XM-157,  XM-158,  and  XM-159  launcher 
pods.  It  is  also  capable  of  carrying  stores  limited  to  505 
pounds  per  side  from  its  14-inch  spaced  suspension  hooks.  A 
more  detailed  description  of  the  XM-156  raultiarmament  heli¬ 
copter  mount  is  included  in  appendix  III,  paragraph  11.0. 

1.2.5  XM-60  Sight 


The  pilot  used  the  XM-60  sight  during  firing  of  the 
2.75-inch  rockets  throughout  the  test  of  the  XM-156/XM-159 
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armament  subsystem.  Detailed  description  of  the  XM--60  sight 
is  included  in  appendix  III,  paragraph  11.0. 

1.3  TEST  OBJECTIVES 


The  overall  objectives  were: 

a.  To  verify  safety-of-flight  of  the  XM-158  and  XM-159 
airborne  rocket  launcher  pods  attached  to  the  XM-156  multi¬ 
armament  mount  installed  on  the  UH-1B/540  rotor  helicopter. 


b. 

erator ' s 


To  develop  subsystem  data  for  inclusion  in  the  op- 
manual  . 


c.  To  assure  that  use  of  these  armament  subsystems  does 
not  impose  limitations  on  the  operational  characteristics  of 
the  UH-1B/540  rotor  helicopter. 


The  specific  objectives  were: 


a.  To  determine  quantitative  effect  of  the  XM-159  rocket 
launcher  pods  installed  with  the  XM-156  multiarmament  helicopter 
mount  on  the  performance,  stability  and  control  of  the  helicopter. 


b.  To  determine  the  XM-158  and  XM-159  airborne  rocket 
launcher  pods  jettison  characteristics  and  establish  a  flight 
envelope  for  safe  jettison  of  the  pods. 

c.  To  determine  the  flight  envelope  for  firing  the  XM- 
159  rocket  launcher  pods. 

1.4  SUMMARY  OF  RESULTS 


The  significant  results  of  this  test  are  summarized  below: 

a.  An  unsatisfactory  self-excited,  undamped  lateral 
2/3-per-rev  vibration  occurred  under  stabilized  flight  con¬ 
ditions.  The  effect  of  this  vibration  on  component  life 
could  have  a  safety-of-flight  implication. 

b.  The  XM-156  multiarmament  helicopter  mount  requires 
the  installation  of  4-inch  cast  aluminum  spacers.  The  spacers 
should  be  placed  between  the  XM-156  multiarmament  mount  and 
the  universal  stores  pylon  to  provide  adequate  rocket-to- 
aircraft  clearance  for  firing.  The  manual  release  jettison 
cables  must  be  lengthened  4  inches  for  the  system  to  operate 
with  the  spacers. 
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c.  The  XM-159  rocket  launcher  pods  must  be  adjusted  to 
maximum  elevation  (+6  degrees  elevation  relative  to  the  heli¬ 
copter  waterline) .  This  would  provide  adequate  rocket-to- 
aircraft  clearance  for  firing. 

d.  Caution  should  be  exercised  during  firing  while  hovering 
in  ground  effect  due  to  the  pitchdown  of  the  aircraft.  Firings 
should  be  limited  to  seven  pairs  of  rockets  during  this  period. 

e.  When  compared  to  the  unarmed  UH-1B/540  rotor  helicopter 
(appendix  V,  paragraph  bb) ,  the  installation  of  empty  XM-159  air¬ 
borne  rocket  launcher  pods  present  a  loss  in  specific  range  at 
5000  ft  density  altitude  of  7.3  percent  (%)  at  8000  lbs,  6.9%  at 
8500  lbs,  and  4.4%  at  9000  lbs. 

f.  At  a  forward  center  of  gravity  (C.G.)  there  was  insuffic¬ 
ient  longitudinal  control  to  hover  downwind  at  wind  velocities 
greater  than  20  knots. 

g.  The  helicopter  is  dynamically  unstable  in  high  powered 
climbing  flight  in  the  speed  range  for  maximum  rate  of  climb 
(45  to  60  knots  calibrated  airspeed  [KCAS]). 

h.  Sensitivity  of  the  firing  contacts  on  the  XM-159  air¬ 
borne  rocket  launcher  pods  to  vibrations,  moisture  and  detent 
lock  wear  caused  a  high  rocket  malfunction  rate. 

i.  Jack  screws  for  sway  pads  provided  with  the  XM-159  air¬ 
borne  rocket  launcher  pods  were  too  short  to  accommodate  the 
XM-158  airborne  rocket  launcher  pods. 

j .  The  XM-156  multiarmament  helicopter  mount  Preliminary 
Operating  and  Maintenance  Manual  (POMM  1090-204-14)  is  in  error 
relative  to  XM-159  airborne  rocket  launcher  pod  firing  orders. 
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1.5  Conclusions 


No  unusual  characteristics  were  encountered  with  the  UH-1B/ 
540  rotor  helicopter  equipped  with  the  XM-158  rocket  launcher 
pods  suspended  from  the  XM-156  multiarmament  helicopter  mount 
except  for  the  following: 

a.  An  unsatisfactory  self-excited,  undamped  lateral  2/3- 
per-rev  vibration  occurs  under  stabilized  flight  conditions 
(paragraph  2.3.5). 

b.  Four-inch  cast  aluminum  spacers  must  be  installed  be¬ 
tween  the  XM-156  multiarmament  mount  and  the  universal  stores 
pylon  (paragraph  2.4.1)  for  sufficient  rocket-to-aircraft 
clearance  during  firing. 

c.  The  XM-159  rocket  launcher  pods  must  be  adjusted  at 
maximum  elevation  (+6  degrees  elevation  relative  to  helicopter 
waterline)  to  provide  adequate  rocket-to-aircraft  clearance 
for  firing  (paragraph  2.4.1). 

d.  Sensitivity  of  the  firing  contacts  on  the  XM-159 
rocket  launcher  pods  to  vibrations,  moisture,  and  detent  lock 
wear  caused  a  high  rocket  malfunction  rate  (paragraph  2.4.1). 

e.  It  is  necessary  to  exercise  caution  during  firing 
while  hovering  in  ground  effect  due  to  the  pitchdown  of  the 
aircraft.  Firings  should  be  limited  to  seven  pairs  of  rockets 
during  this  period  (paragraph  2.4.1). 

f.  Inadequate  control  margin  exists  at  a  forward  C.G. 
during  downwind  hovering  (paragraph  2.3.1). 

g.  There  is  a  longitudinal  dynamic  instability  during 
high  powered  climbs  (paragraph  2.3.3). 

h.  Jack  screws  for  sway  pads  provided  with  XM-159  rocket 
launcher  pods  were  too  short  to  accommodate  the  XM-158  rocket 
launcher  pods  (paragraph  2.6). 

i.  The  POMM  1090-204-14  for  the  XM-156  multiarmament  mount 
was  in  error  regarding  the  firing  order  of  the  XM-159  rocket 
launcher  pods  (paragraph  2.6). 

j .  Level  flight  performance  data  from  this  report  should 
be  incorporated  in  operator's  manual  (paragraph  2.2.1). 
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1.6  Recommendations 


a.  The  cause  of  self-excited  undamped  2/3-per-rev  vibration 
should  be  investigated  by  the  contractor  immediately  and  correct¬ 
ive  actions  and/or  modifications  evaluated  (paragraph  2.3.5). 

b.  XM-159  rocket  launcher  pods  should  not  be  issued  for 
service  test  or  field  use  without  the  4-inch  cast  aluminum 
spacers  and  lengthened  manual  jettison  cables  as  part  of  the 
kit  (paragraph  2.4.1). 

c.  Specific  instructions  should  accompany  the  XM-159 
rocket  launcher  kits  stating  that  the  launcher  be  adjusted 
to  maximum  elevation  for  firing  purposes  (+6  degrees  elea- 
tion  relative  to  the  helicopter  waterline)  (paragraph  2.4.1). 


d.  The  operator's  manual  should  include  a  warning  which 
states,  "Caution  should  be  exercised  during  firing  while  hover¬ 
ing  (in  ground  effect)  due  to  pitchdown  of  the  aircraft.  Firing 
should  be  limited  to  seven  pairs  of  rockets."  (paragraph  2.4.1) 


e.  Due  to  inadequate  control  margin,  the  operator's 
manual  should  include  a  warning  that  states:  "Downwind  approaches 
should  be  avoided  and  hovering  downwind  should  not  be  attempted 
at  wind  speeds  above  20  knots,"  (paragraph  2.3.1). 

f.  The  longitudinal  dynamic  instability  present  during  high 
powered  climbs  should  be  noted  in  the  operator's  manual.  Further 
investigation  should  be  made  to  determine  the  best  possible  per¬ 
formance  climb  speed  which  alleviates  this  characteristic  (para¬ 
graph  2.3.3) . 

g.  The  firing  contacts  and  locking  detents  should  be  im¬ 
proved  to  reduce  the  rocket  malfunction  rate  (paragraph  2.4.1). 

h.  Jack  screws  for  the  sway  pads  that  will  be  common  to 
all  rocket  launcher  pods  should  be  provided  in  the  XM-156  multi¬ 
armament  mount  kits  (paragraph  2.6). 

i.  POMM  1090-204-14  for  the  XM-156  multiarmament  mount 
should  be  corrected  to  reflect  the  proper  firing  order  of  the 
XM-159  rocket  launcher  pods  (paragraph  2.6). 

j .  Level  flight  performance  data  from  this  report  should 
be  included  in  the  UH-1B/540  rotor  helicopter  operator's  manual 
(paragraph  2.2.1). 
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SECTION 


DETAILS  OF  TEST 


2 . 1  INTRODUCTION 

This  report  presents  the  results  of  an  engineering  flight 
test  of  the  UH-1B/540  rotor  helicopter  equipped  with  the  M-5 
grenade  launcher  and  the  XM-158  or  XM-159  airborne  rocket 
launcher  pods  suspended  from  the  XM-156  multiarmament  helicopter 
mount . 

The  objective  of  the  flight  tests  was: 

a.  To  determine  the  quantitative  effect  of  the  XM-159  rocket 
launcher  pods  installed  with  the  XM-156  multiarmament  mount  on 
the  performance,  stability  and  control  of  the  helicopter. 

b.  To  determine  the  XM-158  and  XM-159  rocket  launcher  pod 
jettison  characteristics. 

c.  To  define  the  flight  envelope  for  safe  jettison  of 
the  pods . 

d.  To  determine  the  flight  envelope  for  firing  the  XM-159 
rocket  launcher  pods. 

e.  To  determine  the  flight  envelope  for  firing  the  XM-159 
rocket  launcher  pods. 

The  7-round  XM-158  rocket  launcher  pods  will  be  used  in  con¬ 
junction  with  the  XM-16  and  XM-21  armament  subsystems. 

The  XM-159  armament  subsystem  consists  of  a  19-round  2.75- 
inch  FFAR  launcher  suspended  from  the  XM-156  multiarmament  heli¬ 
copter  mount.  Machine  guns  and  gun  pylons  are  removed  from  the 
system  to  stay  within  weight  limitations  of  the  XM-156  multi¬ 
armament  mount. 

Details  of  test  methods  and  data  reduction  procedures  may  be 
found  in  appendix  II.  A  brief  description  of  test  methods  are 
included  for  clarification  of  the  individual  test. 

2.2  PERFORMANCE 

Quantitative  performance  testing  was  conducted  with  the  XM- 
159  airborne  rocket  launcher  pods  installed.  All  performance 
tests  were  conducted  with  empty  XM-159  rocket  launcher  pods  and 
a  full  load  of  M-5,  40-mm  grenade  launcher  ammunition.  This 
resulted  in  the  greatest  decrease  in  performance  due  to  the 
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increased  drag  produced  by  the  forward  C.G.  of  the  aircraft 
The  similarity  of  the  XM-158  airborne  rocket  launcher  pods 
and  installation  to  the  XM-157  (LAU  32A/A)  pods  previously 
tested  (appendix  V,  paragraph  cc)  ,  precluded  the  necessity 
for  performance  testing  (appendix  V,  paragraph  e) . 

2.2.1  Level  Flight  Performance 


The  objective  of  the  performance  test  was  to  determine 
the  change  in  helicopter  performance  due  to  the  XM-1S9  multi¬ 
armament  subsystem  configuration.  Level  flight  performance 
tests  of  the  XM-159/M-5  armament  subsystem  were  conducted  to 
cover  a  range  of  selected  thrust  coefficients  (C-p) .  This 
allowed  a  comparison  with  the  level  flight  performance  of  the 
clean  UH-1B/540  rotor  helicopter  and  other  configured  armed 
UH-1B/540  rotor  helicopters .  A  constant  Op  was  maintained  by 
climbing  to  a  new  test  altitude  as  fuel  was  used  (appendix  II, 
paragraph  1.2).  The  flight  conditions  for  the  7-speed  power 
polars  conducted  to  determine  level  flight  performance  were 
conducted  at  gross  weights  from  7375  lbs  to  8620  lbs,  density 
altitudes  from  3530  ft  to  11,190  ft,  and  a  rotor  speed  of  325 
revolutions  per  minute  (rpm) .  lost  results  are  presented  in 
figures  4  through  10,  appendix  I.  Nondimensional  summary 
plots  are  presented  in  figures  ?  and  3,  appendix  I.  Specific 
range  for  each  speed  power  polar  presented  was  calculated  based 
on  specification  fuel  flow,  (figure  33, appendix  D.  A  plot  of 
actual  test  aircraft  referred  fuel  flow  versus  referred  shaft 
horsepower  is  presented  in  figure  32,  Appendix  I. 


Level  flight  range  summaries  are  presented  in  figure  1, 
appendix  I.  All  range  summary  calculations  are  based  on  the  non- 
dimensional  level  flight  performance  summary  (figures  2  and  3, 
appendix  I),  and  specification  fuel  flow  (figure  33,  appendix  I). 

A  comparison  is  made  with  the  unarmed  UH-1B/540  rotor  (mid  C.G.), 
XM-21/M-5  (fwd  C.G.) ,  and  the  XM-3/M-5  (fwd  C.G.)  armament  sub¬ 
systems.  Presentation  of  the  data  at  the  above  C.G.'s  is  based 
on  normal  operating  conditions  and  loadings.  When  compared  with 
the  unarmed  UH-1B/540  rotor,  the  XM-159/M-5  multiarmament  sub¬ 
system  presents  a  loss  in  specific  range  at  5000  ft  density  alt¬ 
itude  of  7.6%  at  8000  lbs,  6.6%  at  8500  lbs,  and  5.5%  at  9000  lbs. 
The  optimum  cruise  airspeed  varies  from  105  KTAS  at  7100  lbs  to 
99  KTAS  at  9500  lbs.  Normal  armed  mission  weight  will  vary  be¬ 
tween  7100  lbs  and  8650  lbs  without  passengers  or  cargo  as  shown 
in  appendix  III,  paragraph  10.1). 

Level  flight  tests  were  conducted  at  an  average  C.G.  of 
126  inches  (fwd).  C.G.  limits  are  fuselage  station  125  max  fwd 
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and  station  134  max  aft.  This  forward  C.G.  is  due  to  the  mo¬ 
ment  produced  by  the  M-5  armament  subsystem.  Tail  ballast  may 
be  used  to  allow  greater  freedom  in  loading  and  operation.  Fig¬ 
ure  37,  appendix  I,  presents  the  envelope  for  tail  ballast 
installed  at  fuselage  station  425.  This  is  a  straight  line 
extrapolation  from  zero  lbs  to  6600  lbs  gross  weight  to  50  lbs 
at  7275  lbs  gross  weight  and  above  (appendix  V,  paragraph  z) . 

2.2.2  Airspeed  Calibration 

The  objective  of  this  test  was  to  determine  the  airspeed 
position  error  for  both  the  standard  and  test  boom  airspeed 
systems.  The  calibrated  trailing  bomb  method  was  used  from  29 
to  106  KCAS.  A  T-28B  aircraft  with  a  ground  course  calibrated 
airspeed  system  was  used  for  airspeed  calibration  points  at  the 
higher  airspeeds  (88  to  131  KCAS) .  The  pacer  aircraft  method 
was  employed.  The  test  results  for  the  ship  system  are  pre¬ 
sented  graphically  in  figure  30,  appendix  I. 

The  standard  airspeed  system  met  the  requirements  of  MIL- 
I-6115A  (appendix  V,  paragraph  ee) ,  between  33  and  130  KCAS. 
Below  33  KCAS  the  standard  system  maximum  error  was  6  KCAS.  The 
system  is  considered  satisfactory. 

The  standard  airspeed  system  compared  favorably  with  the 
calibration  presented  in  the  "Operator's  Manual,  Army  Models 
UH-1A  and  UH-1B  Helicopter,"  (appendix  V,  paragraph  x) .  From  30 
to  116  KCAS  the  airspeed  variation  was  less  than  or  equal  to  1 
KCAS.  The  operator's  manual  airspeed  calibration  showed  an  in¬ 
creasing  variation  over  the  test  ship  of  1  to  3.5  KCAS  over  the 
116  to  130  KCAS  range. 

2.3  STABILITY  AND  CONTROL 


Quantitative  stability  and  control  tests  were  conducted  with 
the  XM-159  airborne  rocket  launcher  pods  installed.  The  similar¬ 
ity  of  the  XM-158  airborne  rocket  launcher  pods  to  the  XM-157 
(LAU  32A/A)  pods  previously  tested  (appendix  V,  paragraph  cc) 
precluded  the  necessity  for  stability  and  control  testing  (appendix 
V,  paragraph  e) .  Qualitative  observations  confirmed  that  no 
significant  difference  exists  in  the  stability  and  control  char¬ 
acteristics  of  the  helicopter  with  either  the  XM-157  or  XM-158 
airborne  rocket  launcher  pods  installed. 

2.3.1  Static  Longitudinal  Stability  (XM-159) 

The  objective  of  this  test  was  to  determine  the  static 
longitudinal  control  position  with  respect  to  airspeed.  Static 
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longitudinal  stability  was  investigated  using  two  methods 
(appendix  II,  paragraph  1.3.1).  The  first  method  consisted  of 
recording  the  control  positions  in  trimmed  level  flight  at  var¬ 
ious  airspeeds.  The  data  for  this  test  was  collected  during 
level  flight  performance  tests.  It  is  presented  graphically 
in  figures  11  through  16,  appendix  I.  Longitudinal  control 
position  stability  was  positive  for  all  conditions  tested  ex¬ 
cept  for  the  normal  helicopter  longitudinal  cyclic  stick  re¬ 
versal  below  35  KCAS.  No  significant  difference  between  the 
apparent  degree  of  static  longitudinal  stability  of  the  un¬ 
armed  UH-1B/540  rotor  helicopter  (appendix  V,  paragraph  bb) , 
and  the  UH-1B/540  rotor  helicopter  with  the  XM-159  airborne 
rocket  launcher  pods  installed  was  indicated.  Comparison  was 
made  between  the  slopes  of  the  control  position  versus  airspeed 
curves.  The  longitudinal  stick  position  stability  characteristics 
meet  the  requirements  of  MIL-H-8501A  (appendix  V,  paragraph  y) . 

No  rearward  flight  tests  were  conducted.  However,  the 
same  lack  of  sufficient  control  margin  when  hovering  downwind 
at  forward  C.G.  locations  found  in  previous  tests  was  experienced 
(appendix  V,  paragraph  cc) .  This  characteristic  is  undesirable 
and  should  be  investigated  further  to  determine  if  the  aircraft 
should  be  placarded.  Hovering  downwind  should  not  be  attempted 
at  wind  velocities  above  20  knots. 

The  second  method  used  to  investigate  static  longitudinal 
stability  was  the  collective  fixed  static  longitudinal  speed 
stability  test.  One  flight  was  conducted  for  this  test  at  an 
average  gross  weight  of  8720  lbs.  Average  C.G.  of  126.8  inches 
and  4900  ft  average  density  altitude  conditions  were  used.  Test 
results  are  presented  in  figure  17,  appendix  I. 

Collective  fixed  static  longitudinal  speed  stability  was 
positive  about  each  trim  point  tested  except  above  120  KCAS.  At 
this  point  stability  approaches  neutral  and  required  very  little 
forward  cyclic  stick  to  increase  airspeed.  Maximum  airspeed 
limits  therefore  could  inadvertently  be  exceeded.  This  charact¬ 
eristic  while  not  unsatisfactory  could  be  improved  to  prevent 
exceeding  limit  airspeed  (Vne)  inadvertently.  This  characteris¬ 
tic  does  not  meet  the  requirements  of  MIL-H-8501A.  The  normal 
instability  below  35  KCAS  was  encountered  and  is  considered  sat¬ 
isfactory.  Comparison  of  this  data  with  the  unarmed  UH-1B/540 
rotor  helicopter  indicates  that  no  significant  difference  exists 
in  static  longitudinal  speed  stability  characteristics  (appendix 
V,  paragraph  bb) . 
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2.3.2  Static  Lateral-Directional  Stability  (XM-159) 

The  objective  of  this  test  was  to  evaluate  the  lateral- 
directional  flying  qualities,  dihedral  effects,  and  directional 
stability  for  a  representative  flight  condition. 

Static  lateral-directional  stability  was  investigated 
by  measuring  flight  control  positions  during  constant-heading, 
steady-state  sideslips  at  various  trim  airspeeds  (appendix  II, 
paragraph  1.3.1).  One  flight  was  conducted  at  an  average  gross 
weight  of  8710  lbs,  average  C.G.  location  of  126.8  inches  (fwd) 
and  4390  ft  average  density  altitude.  Test  results  for  trim  air¬ 
speeds  of  83.5,  104,  121  KCAS  are  presented  in  figures  18,  19, 
and  20  respectively  in  appendix  I. 

Static  directional  stability  was  determined  to  be  pos¬ 
itive  from  the  directional  control  position  gradients  with  side¬ 
slip  angle  about  the  trim  point.  Directional  stability  becomes 
slightly  non-linear  in  right  sideslip  at  121  KCAS  but  is  not 
considered  unsatisfactory.  Sideslips  were  conducted  to  the 
limits  of  the  sideslip  envelope  or  full  directional  pedal  travel. 
The  apparent  degree  of  directional  stability  was  not  significantly 
different  than  for  the  unarmed  UH-1B/540  rotor  helicopter  (appendix 
V,  paragraph  bb) . 

Dihedral  effects  were  approximately  neutral  at  83.5  KCAS. 

It  became  increasingly  negative  as  airspeed  was  increased.  This 
characteristic  was  determined  from  the  lateral  control  position 
gradients  with  sideslip  angle  about  the  trim  points.  This  char¬ 
acteristic  has  been  noted  to  varying  degrees  in  all  configura¬ 
tions  of  the  UH-1B/540  rotor  helicopter.  This  condition  does 
not  meet  the  requirements  of  MIL-H-8051A  but  was  not  considered 
objectionable  to  the  pilot. 

2.3.3  Dynamic  Stability  (XM-159) 

The  objective  of  this  test  was  to  determine  the  short  period 
damping  characteristics  of  the  aircraft  with  the  armament  subsystem 
installed. 

The  limited  dynamic  stability  characteristics  obtained  were 
determined  from  analysis  of  the  time  histories  of  the  helicopter 
motions.  Results  were  taken  from  pulse-type  control  inputs  about 
all  axes  (appendix  II,  paragraph  1.3.2).  These  tests  were  con¬ 
ducted  at  maximum  level  flight  airspeed  (V^)  under  the  conditions 
listed  in  table  I. 


TABLE  I 


Average 

Average 

Average  Center 

Density 

Gross 

of  Gravity 

Airspeed 

Altitude 

Weight 

Location 

Vh 

ft 

lb 

in 

KCAS 

5000 

8330 

126.4 

106 

5000 

7615 

126.5 

108 

Time  histories  are  presented  in  figures  24  through  26, 
appendix  I.  Time  histories  analysis  indicated  no  significant 
difference  in  the  dynamic  stability  characteristics  from  those 
of  the  unarmed  UH-1B/540  rotor  helicopter.  Tests  we  re  also 
conducted  in  the  climb  instability  region  found  in  earlier  tests 
(appendix  V,  paragraph  cc)  .  A  longitudinal  pulse  during  climb¬ 
ing  flight  in  the  speed  range  of  45  to  60  KCAS  resulted  in  a 
slow  divergent  pitch  oscillation.  Constant  monitoring  of  the 
pitch  attitude  was  required  to  prevent  a  loss  in  altitude  due 
to  a  longitudinal  disturbance.  This  characteristic  is  common 
to  all  UH-1  series  aircraft  in  various  degrees.  Further  in¬ 
vestigation  should  be  made  to  determine  the  best  possible  per¬ 
formance  climb  speed  which  would  alleviate  this  characteristic. 

2.3.4  Controllability  (XM-159) 

The  objective  of  this  test  was  to  determine  the  changes 
in  helicopter  sensitivity  and  response  caused  by  installation 
of  the  XM-159  rocket  launcher  pods. 

Controllability  characteristics,  control  response  (angular 
rate)  and  sensitivity  (angular  acceleration)  were  determined  by 
analysis  of  the  time  histories.  The  time  histories  indicated 
helicopter  motions  resulting  from  step  type  control  inputs  about 
all  axes  (appendix  II,  paragraph  1.3.3).  Limited  tests  were  con¬ 
ducted  at  maximum  level  flight  airspeed  (V^)  under  the  same  con¬ 
ditions  listed  for  dynamic  stability  tests  (paragraph  2.3.3). 

The  test  data  is  presented  in  figures  21  through  23,  appendix  I. 

Controllability  tests  were  conducted  at  gross  weight  of 
7615  and  8330  lb.  The  difference  of  715  lb  in  the  gross  weight 
of  the  two  tests  presented  showed  that  no  significant  difference 
in  controllability,  in  this  weight  range,  resulted  from  weight 
variation  under  normal  loading  operation.  Analysis  of  the  data 
also  indicated  that  no  significant  difference  exists  between  the 
controllability  characteristics  of  the  test  aircraft  and  the  un¬ 
armed  UH-1B/540  rotor  helicopter. 
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Vibrations 


2.3.5 

The  vibration  characteristics  of  the  test  helicopter 
were  recorded  throughout  the  test  program  at  various  flight 
conditions.  There  was  no  noticeable  level  flight  vibration 
level  increase  over  that  of  the  Phase  B  unarmed  UH-1B/540 
rotor  helicopter  test  program  (appendix  V,  paragraph  aa) . 

The  self-excited,  undamped  pylon  motion  occuring  at  a  fre¬ 
quency  of  2/3-per-rev  discovered  in  previous  tests  (appen¬ 
dix  V,  paragraph  bb) ,  was  still  prevalent.  This  condition 
could  have  safety-of-f light  implications  and  should  be 
corrected  immediately. 

2.4  FIRING 

Firing  tests  were  conducted  utilizing  the  XM-159  airborne 
rocket  launcher  pods  only. 

2.4.1  Firing  Tests  of  the  XM-159  Airborne  Rocket  Launcher  Pods 

The  objective  of  the  firing  tests  was  to  determine  the 
effects  on  the  stability  and  control  characteristics  of  the 
UH-1B/540  rotor  helicopter  caused  by  firing  the  XM-159  air¬ 
borne  rocket  launcher  pods.  Also,  to  insure  that  no  unsafe 
conditions  resulted  from  these  firings  throughout  the  flight 
envelope.  The  reactions  of  the  helicopter  to  rocket  firing 
were  recorded  on  an  oscillograph  and  by  air-to-air  photo¬ 
graphic  coverage  from  a  chase  aircraft.  Rocket-to-aircraft 
clearance  was  recorded  by  high  speed  motion  picture  cameras 
strategically  located  on  the  skid  tubes  and  above  the  rocket 
launcher.  The  method  employed  during  the  firing  tests  is  de¬ 
scribed  in  detail  in  appendix  II,  paragraph  1.5. 

Initial  firings  prior  to  bore  sighting  showed  that  2  1/2 
inches  of  clearance  existed  between  the  rocket  fin  and  the  toe 
of  the  skid  tube.  Bore  sighting  for  parallel  rocket  sheaths 
moved  the  rocket  trajectory  inboard  3  inches.  The  test  was 
suspended  until  the  airframe  contractor  provided  4-inch  cast 
aluminum  spacers  for  installation  between  the  universal  stores 
pylon  and  the  rack  and  support  assembly.  This  modification 
also  required  lengthening  the  manual  jettison  cable  4  inches. 
The  addition  of  the  spacers  increased  the  clearance  between 
the  rocket  fins  and  the  helicopter  skid  tube  during  firing  to 
approximately  6  inches  which  was  considered  acceptable.  In 
order  to  obtain  this  6-inch  clearance  the  XM-159  airborne 
rocket  launcher  pods  must  be  installed  at  maximum  elevation 
(+6  degrees  elevation  relative  to  the  helicopter  waterline). 
Firing  at  less  elevation  could  result  in  a  safety  hazard  due 
to  a  clearance  reduction. 
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A  variable  rate  intervalometer  was  installed  in  the 
test  helicopter  to  allow  a  build  up  to  the  maximum  firing 
rate  of  6  rounds  per  second.  This  is  the  standard  rate  for 
all  systems  in  the  field. 

All  firings  were  conducted  with  scarfed  nozzle  rocket. 
Sixteen  firing  tests  were  conducted  expending  a  total  of  513 
rockets  at  the  conditions  shown  in  table  II.  These  conditions 
are  presented  as  the  recommended  firing  envelope.  Firing 
while  hovering  in  ground  effect  should  be  limited  to  seven 
pairs  of  rockets.  Caution  should  be  exercised  during  this 
period  due  to  the  pitchdown  of  the  aircraft  which  could  result 
in  the  rockets  striking  the  ground  in  close  proximity  to  the 
aircraft . 


TABLE  II 


Flight 

Condition 

KCAS 

Airspeed  Range 

Level  flight 

35  to  100 

Maximum  Power  Descent 

100  to  124  (VNE) 

Autorotation 

70  to  100 

Hovering  In  Ground  Effect 

0 

(IGE) 

(Limit  to  seven  pairs  of  rockets) 

Only  7  rocket  pairs  could  be  fired  in  a  ripple  with  one 
depression  of  the  firing  button  due  to  the  design  of  the  elec¬ 
trical  system.  However,  even  when  all  38  airborne  rocket 
launcher  pods  were  fired  by  pressing  the  button  3  times  in  rapid 
succession  without  recovering  only  mild  pitchdown  of  the  heli¬ 
copter  occurred.  The  pitchdown  was  less  than  the  XM-3,  48-round 
rocket  launcher  previously  tested  (appendix  V,  paragraph  cc) . 

This  pitchdown  was  easily  corrected  by  the  pilot.  No  undesir¬ 
able  characteristics  were  noted  during  the  firing  tests. 

Thirty-one  of  the  513  airborne  rocket  launcher  pods  load¬ 
ed  malfunctioned.  This  high  failure  rate  (6%)  is  believed  to  be 
caused  by  the  difficulty  in  (1)  adjusting  the  firing  contact, 

(2)  open  contact  due  to  inflight  vibrations  and  (3)  rapid  wear 
of  the  detent  lock.  During  inclement  weather  considerable  static 
electricity  was  present  in  the  rocket  launcher  pods  resulting  in 
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unsafe  arming  conditions.  Accumulation  of  moisture  in  the  rocket 
launcher  pods  during  cleaning  could  cause  shorts  in  the  firing 
mechanism. 

2.5  JETTISON 


The  criteria  used  to  limit  the  jettison  flight  envelope  was 
pod  aerodynamic  instability  or  unacceptable  skid  tube  damage 
from  pod  strikes  on  the  skid  tubes  after  jettison. 

2.5.1  Jettison  Test  of  XM-158  Airborne  Rocket  Launcher  Pods 


The  objective  of  the  jettison  tests  of  the  XM-158  air¬ 
borne  rocket  launcher  pods  was  to  determine  a  safe  jettison 
flight  envelope.  It  was  determined  from  results  of  previous 
tests  of  the  XM-157  (modified  LAU-32A/A)  pods  that  jettison 
with  empty  pods  was  more  critical  than  with  loaded  pods.  For 
this  reason  only  empty  pods  were  jettisoned.  Thirty-two  in¬ 
flight  jettisons  of  empty  pods  were  conducted.  The  jettison 
envelope  developed  is  based  on  the  analysis  of  photographic 
coverage  obtained.  High  speed  motion  picture  cameras  mounted 
on  the  skid  tube  looking  aft  and  the  tail  boom  looking  fwd 
were  used.  Air-to-air  photographic  coverage  was  also  ob¬ 
tained  and  analyzed. 

The  pod  hit  the  aft  portion  of  the  skid  tubes  resulting 
in  superficial  paint  damage  during  all  jettisons  above  80  KCAS. 


Figure  A  RECOMMENDED  UH-IC  XM-158 

JETTISON  ENVELOPE 
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The  method  employed  during  the  jettison  tests  is  describ¬ 
ed  in  detail  in  appendix  II,  paragraph  1.4.  The  test  results 
of  32  jettisons  showed  that  safe  jettison  could  be  accomplished 
in  climb,  level  flight  and  maximum  power  descents  up  to  and 
including  130  KCAS.  Jettison  testing  was  performed  within  the 
recommended  sideslip  limits  as  shown  in  figure  A.  Actual  test 
points  are  presented  in  figure  No.  28,  appendix  I.  Safe  jet¬ 
tison  could  also  be  accomplished  in  autorotations  and  partial 
power  descents  at  zero  sideslip  up  to  and  including  95  KCAS.  A 
photo  sequence  of  a  jettison  is  shown  in  figure  B.  Conditions 
for  the  jettison  are  shown  below: 


Calibrated 

Angle  of 

Bank  Angle 

C.G. 

Gross 

Angle  of 

Airspeed 

Sideslip 

Location 

Weight 

Attack 

kts 

deg 

deg 

in 

lb 

deg 

126 

11°  Right 

10°  Right 

129 

7500 

6°  Down 

2.5.2  Jettison  Test  of  XM-159  Airborne  Rockec  Launcher  Pods 


The  objective  of  the  jettison  test  of  the  XM-159  air¬ 
borne  rocket  launcher  pods  (pods)  was  to  determine  and  recom¬ 
mend  a  safe  jettison  flight  envelope.  Empty  pods  were  used 
for  most  of  the  jettisons  since  empty  pods  are  most  critical 
to  aerodynamic  forces  after  jettison.  Spot  checks  were  made 
with  full  pods  to  determine  the  damage  caused  to  the  skid 
tubes  when  struck  by  full  pods.  The  pods  struck  the  skid 
tubes  when  jettisoned  in  all  flight  regimes.  Only  super¬ 
ficial  skid  tube  damage  was  sustained  in  all  cases,  both 
with  full  and  empty  pods.  The  jettison  envelope  was 
therefore  established  using  primarily  pod  aerodynamic  in¬ 
stability  after  jettison  as  the  criteria.  The  jettison 
envelope  developed  is  based  on  the  analysis  of  optical 
coverage.  This  optical  coverage  was  obtained  by  using 
high  speed  motion  picture  cameras  mounted  on  the  fwd  sec¬ 
tion  of  the  skid  tube  looking  aft  and  on  the  tail  boom 
looking  fwd.  Air-to-air  photographic  coverage  was  also 
obtained  and  analyzed.  Jettison  tests  were  conducted  be¬ 
fore  and  after  the  addition  of  4-inch  cast  aluminum  spacers 
between  the  XM-156  multiarmament  helicopter  mount  and  the 
universal  stores  pylon.  Analysis  of  this  comparative  data 
reveals  that  the  spacers  did  not  appear  to  effect  the  jet¬ 
tison  characteristics. 

The  method  employed  during  the  jettison  tests  is  described 
in  detail  in  appendix  II,  paragraph  1.4.  Level  flight  jettison 
data  indicated  the  critical  flight  conditions  to  be  jettisons 
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VKUS* 


TIME  FROM 
RELEASE : 


.  ■  fit 

A 'VJ>T  . 

1 

from  the  high  side  (left  side  in  right  sideslip  and  right  side  in 
left  sideslip)  due  to  increasing  roll  attitude  with  increasing 
sideslip.  The  pods  had  a  tendency  to  yaw  after  jettison.  The 
envelope  was  closed  when  this  yaw  became  unpredictable  as  to 
aerodynamic  instability. 

The  test  results  of  20  jettisons  indicated  that  safe  jet¬ 
tison  of  the  pods  could  be  accomplished  in  climbs,  level  flight 
and  maximum  power  descent  up  to  and  including  130  KCAS  within 
the  recommended  sideslip  envelope  shown  in  figure  C.  Test 
points  are  shown  in  figure  29,  appendix  I.  Safe  jettison  could 
also  be  accomplished  in  autorotations  and  partial  power  descents 
at  zero  sideslip  up  to  and  including  95  KCAS. 


Figure  C  RECOMMENDED  UH-IC  XM-159 
JETTISON  ENVELOPE 


FOR  CLIMB,  LEVEL  FLIGHT  AND  MAX. POWER  DESCENT 


No  malfunctions  of  the  electrical  jettison  system  were  ex¬ 
perienced.  It  is  recommended  that  the  skid  assembly  mounting 
points  be  checked  for  damage  after  all  jettisons.  A  photo  se¬ 
quence  of  a  limiting  jettison  is  shown  in  figure  D.  Conditions 
for  the  jettison  are  shown  below: 


Calibrated 

Airspeed 

kts 

Angle  of 
Sideslip 
deg 

Bank  Angle 
deg 

C.G. 

Location 

in 

Gross 

Weight 

lb 

Angle  of 
Attack 
deg 

131.5 

5°  Right 

3.5°  Right 

129 

7640 

7°  Down 
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2.6  XM-156  MULTI ARMAMENT  HELICOPTER  MOUNT 


The  XM-156  multiarmament  helicopter  mount  was  evaluated 
throughout  the  test  program.  The  most  significant  deficiency 
of  the  mount  is  the  requirement  of  4-inch  cast  aluminum  spacers 
to  provide  adequate  rocket-to-aircraft  clearance.  This  char¬ 
acteristic  was  discussed  in  detail  in  paragraph  2.5.2. 

The  jack  screws  on  the  sway  pads  received  with  the  XM-156 
multiarmament  helicopter  mount  were  too  short  to  allow  sub¬ 
stitution  of  the  XM-158,  7-round  airborne  rocket  launcher  pods 
on  the  XM-156  multiarmament  helicopter  mount  in  place  of  the 
XM-159  airborne  rocket  launcher  pods.  Sway  pads  3  1/8  inches 
in  length  from  a  XM-16/XM-21  mount  used  in  a  previous  test 
were  substituted  and  were  usable  for  both  the  XM-158  and  XM-159 
airborne  rocket  launcher  pods. 

POMM  1090-204-14  for  the  XM-156  multiarmament  helicopter 
mount  was  found  to  be  in  error.  Section  4-3  covering  the  pre- 
loading  voltage  test  is  erroneous  due  to  the  firing  order  given 
in  the  manual.  The  XM-159  airborne  rocket  launcher  pod  has  a 
different  firing  order  for  each  side.  Neither  matches  the  man¬ 
ual's  firing  order. 
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FIGURE  NO. 

LEVEL  FLIGHT  PERFORMANCE 
UH-1B/540  USA  S/N  64-14105 
T53-L-11  ENGINE 
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FIGURE  NO.  8  • ! 

LEVEL  FLIGHT  PERFORMANCE 
UH-1B/S40  USA  S/N  64-14105 
T53-L-11  ENGINE 

XM- 15 9/M -5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

GROSS  WEIGHT  =  8085  LB 
DENSITY  ALTITUDE  a  10,720  FT 
ROTOR  SPEED  =  325  RPM 
C.G.  LOCATION  =  125.8  (FWD) 

C  =  .005531 
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FIGURE  NO.  n  .  , 

CONTROL  POSITIONS  IN  LEVEL  FLIGHT 
LJ1I-1B/540  USA!  S/N  64-14105 


XH- I58/M-5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY  . 


AVERAGE  GROSS  WEIGHT  =  737{3  LB 
AVERAGE  DENSITY  ALTITUDE  =  3530  FT 
C.G.  LOCATION  =  126.3  IN 
ROTOR  SPEED  =  325  RPM 


LATERAL  STICK  TRAVEL  »  12,40  INCHES  FROM  FULL  LEFT 


-0  :  -e 


PEDAL  TRAVEL  «  6.81  INCHES  PROM  FULL  LB  FT 


.a- 


—e-e-e-©-^ 

COLLECTIVE  TRAVEL  =10.55  INCHES  FROM  FULL  DOWN 


■  i 


0  LONGITUDINAL  STICK  TRAVEL  =  13.11  INCHES  FROM  FULL  FWD 


20 


40  60  80  100 

CALIBRATED  AIRSPEED  -  KNOTS.:  . 


120 


140 


LONGITUDINAL  COLLECTIVE  PEDAL  POSITION  LATERAL 

STICK  POSITION  STICK  POSITION  INCHES  STICK  POSITION 

from  full  fwu  in.  FROM  full  down  from  full  left  in.  from  FULL  LEFT 


FIGURE  NO.  12 

CONTROL  POSITIONS  IN  LEVEL  FLIGHT 
U1I-1B/540  USA  S/N  64-14105 

XM- 158/M- 5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

AVERAGE  GROSS  WEIGHT  =  7475  LB 
AVERAGE  DENSITY  ALTITUDE  =  5960  FT 
C.G.  LOCATION  =  12$. 5  IN 
ROTOR  SPEED  =  325  RPM 
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LONGITUDINAL  COLLECTIVE  PEDAL  POSITION  LATERAL 

STICK  POSITION  STICK  POSITION  INCHES:  STICK  POSITION 

IN,  FROM  FULL  FWD  IN.  FROM  FULL  DOWN  FROM  FULL  LEFT  IN.  FROM  FULL  LEFT 


FIGURE  NO.  13 

CONTROL  POSITIONS  IN  LEVEL  FLIGHT 
UII-1B/540  USA  S/M  64-14105 
XM-159/M-5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

AVERAGE  GROSS  WEIGHT  =  7680  LB 
AVERAGE  DENSITY  ALTITUDE  =  10,000  FT 
C.G.  LOCATION  =  125.9  IN 
ROTOR  SPEED  =  325  RPM 
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!:IGURE  NO.  14 

CONTROL  POSITIONS  IN  LEVEL  FLIGHT 
UH- IB/540  USA  S/N  64-14103 
XM- 159/M- 5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

AVERAGE  GROSS  WEIGHT  =  8065  LB 
AVERAGE  DENSITY  ALTITUDE  =  5950  FT 
C.G .  LOCATION  =  126.2  IN 
ROTOR  SPEED  =  325  RPM 
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COLLECTIVE  TRAVEL  a  10.55  INCHES  FROM  FULL  DOWN 
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CONTROL  POSITION'S  IN  LEVEL  FLIGHT 
lil I—  1 11/54 0  USA  S/N  04-14105 
XM-15D/M-5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

AVERAGE  GROSS  WEIGHT  =  8165  LB 
Av EkAGL  DENSITY  ALTITUDE  -  6240  FT 
C.C.  LOCATION  =  126.7  IN 
ROTOR.  SPEED  =  324  RDM 
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LONGITUDINAL  COLLECTIVE  PEDAL  POSITION  LATERAL 

STICK  POSITION  STICK  POSITION  INCHES  STICK  POSITION 

IN.  FROM  FULL  FWD  IN.  FROM  FULL  DOWN  FROM  FULL  LEFT  IN.  FROM  FULL  LEFT 
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CONTROL  POSITIONS  IN  LEVEL  FLIGHT 
UH-1B/540  USA  S/N  64-14105 
XM- 159/M-5  ARMAMENT  SUBSYSTEM 
PODS  EMPTY 

AVERAGE  GROSS  WEIGHT  =  8620  LB 
AVERAGE  DENSITY  ALTITUDE  =  10,480  FT 
C.G.  LOCATION  =  126.7  IN 
ROTOR  SPEED  =  324  RPM 
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STATIC  LONGITUDINAL  SPIED  STAR!  1. 1  TV 
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FIGURE  NO.  IS 

STATIC  LATERAL  DIRECTIONAL  STABILITY 
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FIGURE  NO.  10 
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LONGITUDINAL  STICK  PEDAL  LATERAL  STICK  ANGLE  OF 
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FIGURE  NO.  2D 

STATIC  LATERAL  DIRECTIONAL  STABILITY 
U1I-1B/540  USA  S/N  64-14105 

XM- 159/M- 5  ARMAMENT  SUBSYSTEM 
MAXIMUM  POWER  DESCENT  PODS  EMPTY 
GROSS  WEIGHT  =  8540  LB 
DENSITY  ALTITUDE  »  3870  FT 
ROTOR  SPEED  =  324  RPM 
C.G.  LOCATION  =  126.6  IN 
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FIGURE  NO.  21 

LONGITUDINAL  CONTROLLABILITY 
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LONGITUDINAL  CONTROL  DISPLACEMENT  FROM  TRIM  -  INCHES 
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LATERAL  CONTROL  DISPLACEMENT  PROM  TRIM  ~  INCHES 
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FIGURE  NO.  28 

RECOMMENDED  XM-1S8  JETTISON  ENVELOPE 
FOR  CLIMB,  LEVEL  FLIGHT,  AND  MAXIMUM  POKER  DESCENT 

UH-1B/540 
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FIGURE  NO.  31 

ENGINE  TORQUEMETER  CALIBRATION 
UH- IB/549  USA  S/N  64-14105 

NOTE : 

DATA  TAKEN  FROM  LYCOMING  "GREEN  RUN" 
SHEETS  DATA  19  MARCH  1965 
ENGINE  MODEL  T53-I.-11 
ENGINE  SERIAL  NO.  LE  10382 
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NOTES: 

1.  SHAFT  HORSEPOWER  AVAILABLE  BASED  ON  LYCOMING  T53-L-11 
ENGINE  MODEL  SPECIFICATION 

2.  COMPRESSOR  INLET  TEMPERATURE  RISE  -  +2°C 
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PRESSURE  ALTITUDE  -  FEET 


FIGURE  NO.  35 

TAKEOFF  LIMIT  SHAFT  HORSEPOWER  AVAILABLE 
UH-1B/540  USA  S./N  64-14105 
T53-L- 1 1  ENGINE 

NOTES: 

1.  SHAFT  HORSEPOWER  AVAILABLE  BASED  ON 
LY'OMING  T53-L-11  ENGINE  MODEL  SPECIFICATION 

2.  COMPRESSOR  INLET  TEMPERATURE  RISE  =  +20C 


3.  COMPRESSOR  INLET  PRESSURE  RATIO  *  1.00 


4.  GENERATOR  ELECTRICAL  LOAD  =  ZERO 
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FIGURE  NO.  36 
C.G.  STATION  VS  GROSS  WEIGHT 
Uil-lB/540  USA  S/N  64-14106 


FIGURE  NO.  3? 

TAIL  BALLAST  ENVELOPE 
FUSELAGE  STATION  425 
UH-1B/540  USA.S/N  64-14105 
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GROSS  WEIGHT  -  POUNDS 
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TEST  METHODS  and  DATA 
REDUCTION  PROCEDURES 


1.0  GENERAL 


The  equations  and  analysis  method  used  to  correct  the  per¬ 
formance  of  the  helicopter  to  standard-day  conditions  are  briefly 
described  in  this  appendix. 


The  nondimens ional  parameters  used  for  data  analysis  are 
defined  as  follows: 

Cp  =  550  X  SHP  =  Coefficient  of  power 

0  A  (T5r)3 

Ct  =  W  =  Coefficient  of  thrust 

OA  (OR) 2 

U  =  1.689  Vf  =  Tip  speed  ratio 

OR 

Where : 


SHP  =  engine  output  shaft  horsepower 
A  =  total  rotor  disc  area,  ft2 
ft  =  rotor  angular  velocity,  radians/sec 
R  =  rotor  radius ,  ft 


W  =  gross  weight,  lb 
VT  =  true  airspeed,  kt 
P  =  air  density,  slugs/ft^ 

This  nondimens ional  method  is  useful  only  where  blade  stall 
or  compressibility  effects  are  not  significant. 

1.1  POWER  DETERMINATION 


The  T53-L-11  gas  turbine  engine  incorporates  a  hydro-mechanical 
torquemeter  as  an  integral  part  of  the  reduction  gearing  on  the 
compressor  end  of  the  engine.  This  torquemeter  is  essentially  a 
piston  that  supplies  pressure,  in  proportion  to  the  output  torque, 
on  the  hydraulic  oil  contained  in  a  cylinder.  To  obtain  a  more 
accurate  indication  of  torque,  the  pressure  of  oil  vapor  behind 
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this  piston  is  also  measured  and  the  difference  between  this 
pressure  and  the  hydraulic  oil  pressure  is  found.  The  conver¬ 
sion  from  torquemeter  pressure  to  torque  in  inch-pound  was  ob¬ 
tained  from  the  calibration  run  of  engine  S/N  LE-10382. 

The  equation  from  which  output  shaft  horsepower  was  de¬ 
termined  from  inflight  torquemeter  and  rotor  rpm  readings  was 
derived  as  follows: 

SHP  =  2  n  X  NP  X  T 

12  X  33,000 

where : 

SHP  =  engine  output  shaft  horsepower 

Ng  =  output  shaft  rotational  speed,  rpm 

T  =  output  shaft  torque,  in- lb 

The  torquemeter  calibration  as  obtained  from  engine  cali¬ 
bration  data  indicated  that  torque  could  be  determined  as  the 
following  function  of  torque  pressure: 

T  =  219.0  AP 

where:  AP  =  torquemeter  pressure  minus  oil  vapor  pressure,  psi 
Engine  output  shaft  rotational  speed  was  determined  from  rotor 
speed  as  follows: 

Ne  =  Nr  X  20.383 


where : 


Ne  =  rotor  rotational  speed  (rpm) 

Combining  the  above  expressions  results  in  the  following 
expression  for  determining  output  shaft  horsepower: 

SHP  =  211  X  219.0  X  20.383  X  Nr  X  AP 
12  X  33,000 

SHP  =  .07075  X  NR  X  AP 

Compressor  inlet  pressure  or  temperature  instrumentation  was 
not  installed  in  the  test  aircraft.  The  engine  installation  los¬ 
ses  noted  in  appendix  V,  paragraph  bb  for  a  UH-1B/540  rotor  heli¬ 
copter  were  assumed  to  apply.  Based  on  this  assumption,  the 


compressor  inlet  pressure  equaled  the  ambient  pressure  and  the 
compressor  inlet  temperature  was  2  degrees  C  above  the  ambient 
temperature . 

1.2  LEVEL  FLIGHT  AND  SPECIFIC  RANGE 

Level  flight  speed  power  correction  was  derived  from  the 
Cp,  Gp,  p  method.  Each  speed  power  was  flown  at  a  pre-determined 
Op  holding  rotor  speed  constant.  This  required  holding  con¬ 
stant  by  increasing  altitude  as  fuel  was  consumed. 

Test-day  level  flight  power  data  at  a  constant  airspeed  was 
corrected  to  standard-day  conditions  by  the  following  method: 

The  test-day  speedpower  point  was  defined  by  the  dimensionless 
parameters,  Cp  ,  Gp^.,  and  pt.  Correction  of  test-day  power  to 
standard-day  conditions  was  made  holding  these  coefficients  con¬ 
stant  on  the  standard-day.  It  follows  from  this  that  the  follow¬ 
ing  relationships  are  true  between  test-day  and  standard-day 
conditions : 


;s  CTt 


H  =  P; 


From  these  relationships  and  definitions  of  the  particular  terms, 
the  following  relationships  hold: 

V  pt  =  V  ps>  s  =  tAvg  CWg/Wt^yg) 


This  last  relationship  permits  establishing  the  standard-day 
density,  ps,  which  is  required  for  presenting  the  test-day  data 
at  a  standard  gross  weight,  Ws, 

From  the  definition  of  the  power  coefficient,  Cp,  the  follow¬ 
ing  relationships  can  be  derived: 

SHPt/pt  =  SHPs/ps 

SHP  =  SHP  (p/pj 
s  t  s  t 

This  last  relationship  then  defines  the  standard-day  power  re¬ 
quired  for  flying  at  the  same  thrust,  power  and  speed  coeffic¬ 
ient  as  on  the  test  day  but  under  standard-day  conditions.  Each 
level  flight  speed  power  point  was  corrected  in  this  faction  to 
standard-day  conditions  at  the  target  gross  weight. 


67 


Specific  range  calculations  were  performed  using  the  level 
flight  performance  curves  presented  in  figures  2  and  3,  appen¬ 
dix  I  and  the  specification  fuel-flow  characteristics  presented 
in  figure  33. 

NAMPP  =  Yz 
Wf 

where : 

NAMPP  =  nautical  air  miles  per  pound  of  fuel 
V,j,  =  true  airspeed  in  knots 
Wf  =  fuel  flow,  pounds  per  hour 
1.3  STABILITY  AND  CONTROL 

The  stability  and  control  characteristics  of  the  UH-1B/540 
rotor  helicopter  are  discussed  in  terms  of  static  stability, 
dynamic  stability,  and  controllability.  These  terms  are  de¬ 
fined  in  the  following  paragraph. 

1.3.1  Longitudinal  Trim  Curves 

The  longitudinal  trim  curves  were  determined  from  the  pos¬ 
ition  of  the  longitudinal  cyclic  control  with  respect  to  airspeed. 
The  collective  position  was  treated  as  an  independent  variable. 

For  each  test  point,  the  collective-stick  position  was  determined 
from  the  position  used  in  flight.  A  longitudinal  control  position- 
airspeed  gradient  obtained  from  the  trim  curves  determined  ap¬ 
parent  static  stability.  The  stability  is  called  apparent  be¬ 
cause  it  is  an  indication  of  the  longitudinal  static  stability 
from  the  pilot's  viewpoint.  It  is  not  a  direct  measure  of  the 
speed  stability  or  angle  of  attack  stability  of  the  aircraft.  Long¬ 
itudinal  speed  stability  was  obtained  by  locking  the  collective 
pitch  at  a  trim  point,  then  increasing  or  decreasing  airspeed 
with  the  cyclic  stick.  Static  lateral-directional  stability  was 
obtained  by  measuring  control  positions  and  bank  angles  during 
steady-state  sideslips  at  a  given  airspeed.  Control  positions 
are  reported  in  the  following  manner: 

(a)  Longitudinal  and  lateral  cyclic  stick  displacement  from 
full  fwd  and  full  left.  Full  cyclic  stick  travel  were  13.11 
inches  and  12.40  inches  respectively. 

(b)  Pedal  displacement  in  inches  from  full  left  pedal. Full 
travel  was  6.81  inches. 
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(c)  Collective  pitch  position  in  inches  from  full  down. 

Full  travel  was  10.55  inches. 

1.3.2  Dynamic  Stability 

The  dynamic  stability  of  the  helicopter  was  determined  by 
recording  aircraft  behavior,  displacement,  rate  and  angular 
acceleration  following  an  artificial  disturbance.  This  art¬ 
ificial  disturbance  was  the  result  of  a  pulse-type  control  in- 
DUt.  The  pulse  input  was  made  by  rapidly  displacing  the  con¬ 
trol  approximately  1  inch  from  trim  position,  holding  for  approx¬ 
imately  1  second,  then  rapidly  returning  to  trim  position  and 
holding  the  control  fixed.  A.  mechanical  fixture  was  used  to 
guarantee  precise  input . 

1.3.3  Controllability 

Controllability  was  treated  in  two  parts: 

(a)  Sensitivity.  Sensitivity  was  defined  as  the  maximum 
angular  acceleration  (degrees/second2)  of  the  aircraft  per  inch 
deflection  of  the  cockpit  control.  Time  to  reach  the  maximum 
acceleration  was  included. 

(b)  Response.  Response  was  defined  as  the  maximum  angular 
velocity  (degrees/second)  of  the  aircraft  per  inch  deflection  of 
the  cockpit  control.  Time  to  reach  the  maximum  rate  was  included. 
The  control  deflections  were  stick-fixed,  sudden,  step-type  in¬ 
puts.  The  step  input  was  made  by  rapidly  displacing  the  control 
from  trim  and  holding  the  control  fixed  until  recovery  was  nec¬ 
essary.  A  mechanical  fixture  was  used  to  insure  precise  inputs. 

1.4  AIRBORNE  ROCKET  LAUNCHER  POD  JETTISON  TEST 

Jettison  testing  was  performed  at  various  flight  conditions 
to  determine  the  jettison  characteristics  of  the  airborne  rocket 
launcher  pods  (pods)  and  the  effects  of  their  jettison  on  the 
stability  and  control  characteristics  of  the  aircraft.  From 
these  characteristics  a  safe  jettison  envelope  was  developed.  A 
build  up  to  the  more  critical  flight  conditions  was  necessary. 

The  criteria  used  to  close  the  jettison  envelope  was  pod  instab¬ 
ility  after  release  or  unacceptable  damage  from  strikes  of  the 
pod  on  any  component  of  the  aircraft.  High  speed  cameras  were 
strategically  mounted  on  the  helicopter  to  record  the  actions 
of  the  pods  after  jettison.  A  chase  aircraft  was  used  on  all 
jettison  tests  with  an  aerial  photographer  to  provide  air-to-air 
coverage.  The  test  was  initiated  in  a  hover,  progressed  to  var¬ 
ious  level  flight  trim  speeds,  then  to  various  sideslip  angles 


at  their  trim  airspeed,  and  finally  to  high  power  descents  to 
VNE  and  autorotations.  Careful  analysis  of  the  photographic 
data  was  conducted  between  each  successive  data  point.  For 
each  jettison  test,  the  helicopter  was  stabilized  on  the  desired 
trim  condition  and  all  parameters  held  constant.  As  the  pods 
were  jettisoned,  the  aircraft  controls  were  held  fixed  and  the 
oscillograph  actuated  to  record  pitch,  roll,  and  yaw  attitudes, 
rates,  and  accelerations  caused  by  jettison  of  the  pods.  De¬ 
pending  upon  the  test  airspeeds  and  loading  condition  of  the 
pods  they  were  normally  recoverable  by  parachute  carried  in  a 
cannister  on  the  tail  skid.  Parachute  use  was  avoided  in  auto¬ 
rotation  jettisons  due  to  the  proximity  of  the  parachute  to  he 
tail  rotor. 

1.5  ROCKET  FIRING  TEST 

Firing  testing  was  conducted  to  determine  the  effect  of  rock¬ 
et  firing  on  the  stability  and  control  characteristics  of  the 
helicopter.  A  build  up  to  the  most  critical  flight  conditions 
was  necessary.  Static  firings  were  conducted  on  the  ground  first 
to  assure  that  sufficient  clearance  v.as  provided  between  the  fired 
rockets  and  any  components  of  the  helicopter.  Six- inch  clear¬ 
ance  was  the  accepted  minimum  clearance  between  any  component  of 
the  fired  rocket  and  any  component  of  the  helicopter.  Firings 
were  then  conducted  at  various  level  flight  conditions.  They  were 
started  at  what  was  considered  the  least  critical  condition  and 
were  built  up  to  the  most  critical  conditions.  A  build  up  in 
the  number  of  rocket  pairs  rippled  and  the  rates  at  which  they 
were  rippled  was  also  conducted.  The  helicopter  was  stabilized 
on  the  desired  trim  conditions  and  all  parameters  held  constant 
during  the  firing  tests.  As  the  rockets  were  fired  the  pilot's 
controls  were  held  fixed.  The  oscillograph  was  actuated  to  re¬ 
cord  pitch,  roll,  and  yaw  attitudes,  rates  and  accelerations 
caused  by  the  firing  of  the  rockets. 


AIRCRAFT  and  ARMAMENT  DESCRIPTION 


1.0  AIRCRAFT  DIMENSIONS  AND  DESIGN  DATA 
a.  Over-all  Dimensions 


Aircraft  length  (nose  to  tail  skid) 

39.5 

ft 

Aircraft  length  (rotor  turning) 

52.9 

ft 

Width  of  skids 

8,4 

ft 

Width  (at  horizontal  stabilizer) 

9,3 

ft 

Height  (to  top  of  turning  tail  rotor) 

14.7 

ft 

Height  (to  top  of  rotor  mast) 

12.7 

ft 

Main  Rotor 

Number  of  blades 

2 

Rotor  diameter 

44 

ft 

Rotor  solidity 

0.0652 

Disc  area 

1520 

sq  ft 

Blade  area  (total) 

99 

sq  ft 

Blade  chord  (root  to  tip) 

27 

in 

Blade  airfoil  (root  to  tip) 

9  1/3 

Special 

Symmetrical 

Section 

Blade  twist 

-10 

deg 

Flapping  angle 

±12 

deg 

Collective  pitch  angle  (75%  radius) 

0  to  20 

deg 

Preconing  angle 

2  3/4 

deg 

Tail  Rotor 

Number  of  blades 

2 

Rotor  diameter 

8.5 

ft 

Rotor  solidity 

0.105 

Disc  area 

56.7 

sq  ft 

Blade  area  (total) 

5.96 

sq  ft 

Blade  chord  (root  to  tip) 

8.41 

in 

Blade  airfoil  (root  to  tip) 

NACA  001 

5 

Blade  twist 

0 

deg 

Flapping  angle 

±  8 

deg 

d.  Gear  Ratios 


Power  turbine  to  engine  output  shaft 
Engine  output  shaft  to  main  rotor 
Engine  output  shaft  to  tail  rotor 


3.2057  to  1 
20.3835  to  1 
3.9902  to  1 


Power  On  Speeds 

Design 

Maximum 

Design  Minimum 

Engine  output  shaft 

6600 

rpm 

6000 

rpm 

Main  rotor 

323.8 

rpm 

294.5 

rpm 

Tail  rotor 

1654.1 

rpm 

1503.7 

rpm 

Main  rotor  tip 

746 

ft/sec 

678 

ft/sec 

Tail  rotor  tip 

736.1 

ft/sec 

669.0 

ft/sec 

2.0  POWER  PLANT 

The  test  aircraft  was  nowered  bv  a  T53-L-11  pas  turbine 
engine,  S/N  LE-10382.  This  engine  is  of  the  free-power  turbine 
design.  It  consists  of  a  reduction  gear  section,  a  five-stage 
axial  one-stage  centrifugal  compressor,  a  diffuser,  a  combustion 
chamber,  a  first-stage  turbine,  a  second-stage  turbine  (free- 
power)  ,  a  power-shaft  and  an  exhaust  diffuser.  The  first-stage 
turbine  drives  the  compressor  and  the  second-stage  turbine  drives 
the  power  shaft.  The  power  shaft  extends  coaxially  through  the 
compressor  rotor  and  drives  the  reduction  gearing  at  the  forward 
end  of  the  engine.  Power  for  the  main  rotor  is  extracted  through 
an  intemally^snlined  output  gear  shaft  driven  by  the  two-stage 
planetary  reduction  gearing.  Power  for  the  tail  rotor  is  supplied 
from  a  takeoff  on  the  lower  end  of  the  main  rotor  transmission. 

The  engine  has  an  output  shaft  operating  range  from  6000  rpm  to 
6600  rpm.  The  engine  manufacturers  guaranteed  power  ratings  are 
at  6610  rpm  and  standard-day  sea-level  conditions.  The  guaranteed 
ratings  are  1100  shaft  horsepower  (SUP)  for  takeoff  power,  1000 
SUP  for  military  power  and  900  SHP  for  normal  rated  power. 

3.0  ROTOR  AND  CONTROL  SYSTEM 

The  model  540  "door  hinge"  two-bladed,  teetering,  semi-rigid 
rotor  system  incorporates  a  flex  beam  hub  by  which  the  system 
attains  a  stiff  chordwise  or  in-plane  structure  with  a  soft  -Flap¬ 
ping  or  beam  structure.  The  broad,  flat  steel  nlate  replaces  the 
standard  UM-1B  round  hub  spindle.  This  high  in-plane  stiffness 
permits  the  use  of  a  large  amount  of  tip  weight  without  an  increase 
in  the  chord  oscillatory  loads.  The  tip  weight,  in  connection  with 
the  hub  flexure  reduces  the  beam  oscillatory  load.  This  is  intended 
to  result  in  a  dynamically  balanced  design  which  minimizes  oscill¬ 
atory  stress  levels  and  rotor-induced  vibrations.  The  main  rotor 
blade  chord  has  been  increased  to  27  inches.  The  rotor  remains  at 
44-foot  diameter  and  features  a  10-degree  blade  twist.  The  air¬ 
foil  section  is  NACA  9  1/3%  which  is  thinner  than  the  12%  used  on 
all  other  UH-1  helicopters.  Each  blade  has  a  35  lb  trim  weight 
and  a  20  lb  weight  installed  in  the  leading  edge  "C"  spar  section. 

The  rotating  controls  are  similar  to  standard  UH-1B/D  con¬ 
trols,  except  they  have  been  appropriately  strengthened  to  resist 
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the  higher  control  loads  encountered  at  the  increased  airspeeds 
and  gross  weight  limits  established  for  the  UH-1B/540  aircraft. 

A  collective  friction  device  which  is  designed  to  reduce  heli¬ 
copter  1/rev  vibrations  has  been  installed. 

4.0  TRANSMISSION  ASSEMBLY 

The  transmission  used  in  the  UH-1B/540  helicopter  is  the  same 
as  the  standard  UH-1B  transmission  excent  for  the  quill  assembly 
that  drives  the  dual  hydraulic  system  pumps. 

5.0  DUAL  HYDRAULIC  BOOST  SYSTEM 

The  dual  hydraulic  boost  system  used  in  the  UH-1B/540  aircraft 
is  independent  of  the  engine.  Each  system  is  completely  indepen¬ 
dent  of  the  other  except  that  the  hydraulic  oumps  are  driven  by 
the  same  transmission  quill  shaft.  This  system  features  indepen¬ 
dent  dual  reservoirs,  pumps,  tandem  servo-actuators,  filters, 
switches,  valves,  pressure  indicators  and  associated  tubing  and 
hydraulic  lines.  The  pumps  of  both  systems  are  powered  by  the  main 
rotor.  System  No.  1  actuates  any  armament  system  requiring  hy¬ 
draulic  power.  System  No.  2  actuates  the  anti-torque  boost  cylin¬ 
der  for  tail  rotor  control. 

6.0  TAIL  BOOM 

The  tail  boom  is  the  same  as  that  of  the  standard  UH-1B  except 
for  added  camber  on  the  trailing  edge  of  the  vertical  fin  and  the 
incorporation  of  the  UH-1D  synchronizing  elevator  with  a  protec¬ 
tive  shield  on  the  leading  edge. 

7.0  TAIL  ROTOR  HUB  AND  BLADE  ASSEMBLY 

A  modified  tail  rotor  hub  assembly  is  used  for  the  UH-1B/540 
aircraft  to  withstand  the  higher  tail  rotor  assembly  loads  encoun¬ 
tered  at  higher  airspeeds.  This  hub  is  similar  to  the  standard 
UH-1B/D  aircraft  hub  except  that  the  inboard  bearing  has  been  re¬ 
placed  by  a  thrust  unit  to  reduce  system  chord  loads. 

8.0  AIRSPEED  SYSTEM 

The  standard  UII-1B  airspeed  system  with  independent  static  and 
dynamic  parts  has  been  replaced  by  an  integral  static  dynamic 
pitot  tube,  located  on  the  cabin  roof. 

9.0  XM-158  AIRBORNE  ROCKET  LAUNCHER  PODS 

The  7-round,  reusable  2.75-inch  XM-158  airborne  rocket  launch¬ 
er  pod  consists  of  7  aluminum  rocket  tubes  bound  together  by  a 
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stainless  steel  clamping  band  over  each  of  2  sets  of  cast  aluminum 
support  segments.  No  external  housing  or  fairing  is  incorporated. 
An  electrical  firing  contact  is  at  the  rear  of  each  tube.  The 
launcher  is  the  single-fire  open-breech  tube  type.  Mounting  lugs 
are  attached  to  the  clamping  bands  and  spaced  14  inches  apart  to 
accommodate  mounting  from  the  XM-156  multi  armament  helicopter 
mount.  The  launcher  fires  7,  2.75-inch  limited-spin  folding  fin 
aerial  rockets  (LSFFAR's)  with  the  XM-151  high  explosive  warhead. 
It  is  also  capable  of  firing  other  types  of  rockets  such  as  smoke 
and  white  phosphorous  rockets. 


Data  on  the  XM-158  airborne  rocket  launcher  pods  follows: 


Length  -  overall 

Cross  section 

Capacity  (2. 75 -inch/ LSF FAR) 

53  3/4  in 

9  7/8  in  diameter 

7 

Weight  -  empty 

Weight  -  loaded 

Ignition 

39  lb 

168.5  lb 

28  volt  DC 

One  airborne  rocket  launcher  pod  is  mounted  on  each  side  of 
the  helicopter  providing  a  total  capability  of  14  rockets.  The 
airborne  rocket  launcher  attitude  is  of  fixed  design  and  can  be 
changed  in  elevation  or  deflection  only  on  the  ground.  No  azimuth 
adjustment  is  provided  except  for  small  changes  to  allow  bore¬ 
sighting.  The  2.75-inch  LSFFAR’s  can  be  fired  in  ripples  only  and 
are  ignited  in  pairs,  one  rocket  simultaneously  from  each  airborne 
rocket  launcher  pod.  Up  to  7  pairs  of  rockets  may  be  selected  on 
the  cockpit  armament  control  panel.  The  rockets  fire  at  a  preset 
ripple  rate  of  6  rockets  per  second.  The  rocket  firing  button 
is  located  on  the  center  left  side  of  the  pilot's  cyclic  control 
stick.  The  XM-60  sight  is  used  with  this  launcher.  The  launcher 
can  be  jettisoned  manually  or  electrically.  A  normal  operating 
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armed  mission  weight  of  the  XM-158/M-5  used  in  conjunction  with 
the  XM-16  or  XM-21  armament  subsystem  is  show  as  follows: 


WEIGHT 

POUNDS 

Basic  aircraft 

4950 

Armored  seats 

330 

M-5  grenade  launcher,  operating 
equipment,  sight,  and  150  rounds 
ammunition 

340 

Pilot  and  copilot  at  200  lbs  each 

400 

242  gal  fuel  at  6.5  Ib/gal 

1573 

XM-16  or  XM-21  armament  subsystem 
with  external  and  internal 
components  installed  in¬ 
cluding  600  rounds  of 

ammunition  and  14  rockets 

1097 

Engine  start  gross  weight 

8652 

10. G  XM-159  AIRBORNE  ROCKET  LAUNCHER  PODS 

The  19-round,  reusable,  2.75-inch  XM-159  airborne  rocket 
launcher  pod,  P/N  64C114J1,  consists  of  19  aluminum  rocket  tubes 
encased  in  a  cylindrical  aluminum  housing  or  fairing  with  an 
electrical  firing  contact  at  the  rear  of  each  rocket  tube.  The 
airborne  rocket  launcher  is  the  single-fire  open-breech  tube  type. 
Mounting  lugs  are  spaced  14  inches  apart  to  accommodate  mounting 
from  the  XM-156  multiarmament  helicopter  mount.  The  launcher 
fires  19,  2.75-inch  LSFFAR's  utilizing  the  XM-151  rocket  high 
explosive  warhead.  It  is  also  capable  of  firing  other  tynes 
such  as  smoke  anu  white  phosphorous  rockets. 
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One  pod  is  mounted  on  each  side  of  the  helicopter  providing 
a  total  capability  of  38  rockets.  The  launcher  attitude  can  be 
adjusted  in  elevation  and  deflection  on  the  ground.  Firing  at 
an  adjustment  other  than  maximum  elevation  (+6  degrees  elevation 
relative  to  helicopter  waterline)  will  not  give  sufficient  skid- 
tube  clearance  for  rockets.  No  azimuth  adjustment  is  provided 
except  for  small  changes  to  allow  boresighting.  The  2.75-inch 
LSFFAR' s  can  be  fired  in  ripples  only  and  are  ignited  in  pairs, 
one  rocket  simultaneously  from  each  airborne  launcher  pod.  Up 
to  7  pairs  of  rockets  may  be  selected  on  the  cockpit  armament  con¬ 
trol  panel.  The  rockets  fire  at  a  preset  ripple  rate  of  6  rockets 
per  second.  The  rocket  firing  button  is  located  on  the  center 
left  side  of  the  pilot's  cyclic  control  stick.  The  XM-60  sight  is 
used  with  this  launcher.  The  launcher  can  be  jettisoned  manually 
or  electrically. 

Following  is  the  data  on  the  XM-159  airborne  rocket  launcher 

pods : 


Length  -  overall 

Cross  section 

Capacity  (2.75-inch  LSFFAR) 
Weight  -  empty 

49.87  in 

15.5  in  diameter 

19 

95.5  lbs 

Weight  -  loaded 

Suspension 

Ignition 

Operating  temperature  range 

447  lbs 

Lugs  center  and  14  in  forward 

28  volt  DC 

-53.9  deg  C  to  +73.9  deg  C 

When  the  XM-159  airborne  rocket  launcher  pods  are  used  on 
the  UH-1B/540  rotor  helicopter  with  the  XM-156  multiarmament  heli¬ 
copter  mount,  4-inch  cast  aluminum  spacers  must  be  installed  between 
the  universal  external  stores  pylon  support  assembly  and  the  XM-156 
multiarmament  mount  and  support  assembly  to  provide  minimum  safe 
clearance  from  the  skid  tube  for  fired  rockets.  The  manual  jetti¬ 
son  cables  must  be  lengthened  4  inches  when  the  spacers  are  in- 
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stalled.  A  normal  operating  armed  mission  weight  of  the  XM-1S9/M-5 
armament  subsystem  follows: 


WEIGHT 

POUNDS 

Basic  aircraft 

4950 

Armored  seats 

330 

M-5  grenade  launcher,  operating 
equipment,  sight,  and  150 
rounds  ammunition 

340 

Pilot  and  copilot  at  200  lbs  each 

400 

242  gal  fuel  at  6.5  lb/gal 

1573 

Launcher  racjcs,  support  assembly, 
operating  equipment,  and  XM-60  sight 

162 

Two  loaded  XM-159  rocket  launcher  pods 

894 

Engine  start  gross  weight 

8649 

11.0  XM-156  MULTIARMAMENT  HELICOPTER  MOUNT 

The  XM-156  multiarmament  helicopter  mount  is  a  combination 
of  items  that  provide  rocket  fire  capability  for  the  UH-1B  and 
UH-1B/540  rotor  helicopters.  It  consists  of  a  rack  and  support 
assembly  (figure  E)  mounted  externally  on  each  side  of  the  heli- 


FIGURE  E 


COMPONENTS  OF  HELICOPTER  MULT I ARMAMENT 
MOUNT  LOCATED  ON  UII-1C  HELICOPTER 


WE  13B7V 
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copter,  capable  of  carrying  and  firing  the  2.75-inch  XM-157, 

XM-158,  and  XM-159  airborne  rocket  launcher  pods.  These  pods  all 
carry  2.75-inch  LSFFAR  rockets.  The  XM-156  multi armament  heli¬ 
copter  mount  is  also  capable  of  carrying  other  armament  or  stores, 
limited  to  505  lbs  per  side,  from  its  14-inch  spaced  suspension 
hooks.  The  XM-16  and  XM-21  are  two  such  systems.  In  addition  to 
a  rack  and  support  assembly,  the  XM-156  consists  of  a  rocket  launch¬ 
er  arm  panel,  rocket  launcher  intervalometer,  XM-60  infinity  re¬ 
flex  sight,  infinity  sight  mount,  connecting  cable  assemblies  and 
mechanism  for  manual  or  electric  jettison  of  launchers.  The  arm 
panel  is  designed  for  use  with  airborne  rocket  launcher  pods  and 
controls  the  electrical  power  of  the  armament  system  through  the 
OFF-SAFE-ARMED  switch  (figure  E) .  The  intervalometer  controls 
rocket  firing  circuits  and  is  interconnected  electrically  with  the 
arm  panel  (figure  E)  .  The  infinity  sight  XM-60  provides  projected 
reticle  image  enabling  the  pilot  to  fly  a  target-collision  course 
by  maintaining  the  target  at  the  center  of  the  infinity  sight 
reticle  pattern  (figure  E) . 

Tabulated  data  on  the  XM-156  multiarmament  helicopter  mount 
is  presented  below: 


Rack  and  support  elevation  and 

+  103.7 

mills 

depression  adjustment  limit 

(5.8  degrees) 

Rack  and  support  assenbly 

65.50 

lb 

Infinity  sight  XM-60 

9.10 

lb 

Intervalometer 

2.40 

lb 

Arm  panel 

1.35 

lb 

Cable  assemblies 

approx 

5.0 

lb 

It  is  necessary  to  modify  the  XM-156  multiarmament  helicopter 
mount  when  used  on  the  UH-1B/540  rotor  helicopter  with  the  XM-159 
rocket  launcher  pod.  This  may  be  done  by  installing  4-inch  cast 
aluminum  spacers  between  the  universal  external  stores  pylon  sup¬ 
port  assembly  and  the  XM-156  rack  and  support  assembly  (figure  E) . 
The  manual  release  jettison  cable  must  also  be  lengthened  4  inches. 
Insufficient  rocket-to-helicopter  skid  tube  clearance  exists  when 
rockets  are  fired  without  spacers  therefore,  these  modifications 
are  required. 
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INSTRUMENTATION 


Calibrated  instruments  were  installed  and  maintained  by 
USAAVNTA.  The  following  parameters  were  recorded: 

a.  PILOT’S  PANEL 

Sensitive  Rotor  Speed 
Boom  System  Airspeed 
Boom  System  Altitude 
Angle  of  Sideslip 
Angle  of  Attack 

Longitudinal  Cyclic  Stick  Position 
Lateral  Cyclic  Stick  Position 
Collective  Stick  Position 
Pedal  Position 

b.  ENGINEER'S  PANEL 

Standard  System  Airspeed 
Standard  System  Altitude 
Torque  (High  and  Low) 

Free  Air  Temperature 
Fuel  Flow 
Fuel  Total 
"G"  Forces 

Oscillograph  Counter 

c.  OSCILLOGRAPH 

Pilot's  Event 
Engineer's  Event 

Longitudinal  Cyclic  Stick  Position 

Lateral  Cyclic  Stick  Position 

Pedal  Position 

Collective  Stick  Position 

Rotor  Blip 

C.G.  Normal 

Angle  of  Attack 

Angle  of  Sideslip 

Pitch  Angle 
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Pitch  Rate 

Pitch  Acceleration 

Yaw  Angle 

Yaw  Rate 

Yaw  Acceleration 

Roll  Angle 

Roll  Rate 

Roll  Acceleration 

Pilot's  Vertical  Vibration 

Pilot's  Lateral  Vibration 

Aft  Bulkhead  Vertical  Vibration 

Aft  Bulkhead  Lateral  Vibration 

Voltage 

Linear  Rotor  RPM 

A  circuit  was  installed  to  produce  an  event  mark 
on  the  oscillograph  record  at  the  time  the 
airborne  rocket  launcher  pods  were  jettisoned 
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Symbols  and 
Abbreviations 


NAMPP 


Definition 

Rotor  Disc  Area 

Center  of  Gravity 

Power  Coefficient 

Thrust  Coefficient 

Frequency 

In  Ground  Effect 

Knots  Calibrated  Airspeed 

Knots  Indicated  Airspeed 

Knots  True  Airspeed 

Nautical  Air  Miles  per  Pound 
of  Fuel 

Rotor  Rotational  Speed 
Output  Shaft  Rotational  Speed 
Rotor  Radius 


Units 


Nondimens ional 


Nondimensional 


cycles/sec 


Rate  of  Descent 


rd/min 


SHP ,  shp 


Rounds  per  Minute 
Revolution  per  Minute 
Single  Amplitude 
Shaft  Horsepower 
Output  Shaft  Torque 
Airspeed  Not  to  Exceed 


Fuel  Flow 


ft-lb/min 


in- lb 


lb /hr 


Symbols  and 
Abbreviations 


Definition 


Units 


1/rev 

6 

AP 

y 

fi 

P 

0 

Subscript 

s 

t 


Cycles  per  Rotor  Revolution 
(Vibrations) 

Pressure  Ratio 

Torque  Differential  Pressure 
Rotor  Tip  Speed 
Angular  Velocity 
Air  Density 
Temperature  Ratio 


cycles/rev 

psi 

Nondimensional 
radians/ sec 
slugs/ft3 


Standard-Day  Conditions 
Test  Conditions 


T 


True  Airspeed 
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firings  of  the  XM-159  pods.  The  objective  was  to  determine  quantitative  effect  of 
the  XM-159  pods  installed  from  the  XM-156  mount  on  the  stability,  control  and  per¬ 
formance  of  the  helicopter;  to  determine  the  XM-158  and  XM-159  pod  jettison  char¬ 
acteristics  and  define  the  flight  envelope  for  safe  jettison  of  the  pods;  and  to 
determine  the  flight  envelope  for  firing  the  XM-159  pods.  There  were  no  signifies. ,c 
adverse  changes  in  the  stability  and  control  characteristics  of  the  UH-1B/540  due  tc 
the  installation  of  the  XM-159.  Previously  reported  longitudinal  dynamic  instabil¬ 
ity  in  climbs  was  also  present  throughout  the  tests  Self-excited  undamped  lateral 
2/3-per-rev  vibration  was  prevalent  during  the  tests.  Safety-of-f light  implica¬ 
tions  due  to  this  condition  should  be  investigated  and  corrected,  if  necessary.  In¬ 
sufficient  rocket-to-aircraft  clearance  for  firing  the  XM-159  on  the  XM-156  mount 
was  present  without  the  addition  of  4-inch  cast  aluminum  spacers  between  the  XM-156 
mount  and  the  universal  pylon  The  XM-159  was  adjusted  to  maximum  elevation  to  pro¬ 
vide  sufficient  clearance  fer  firing  with  the  spacers  installed.  No  major  stabil¬ 
ity  and  control  problems  were  encountered  during  the  firing  tests  of  the  XM-159  or 

during  the  jettison  tests .of  both  the  XM-158  and  XM-159  Recommended  flight  enve- 
1  opes  were  developed  for  jettison  of  both  systems,. 

DD  1473 


UNCLASSIFIED _ 

Security  Classification 


UNCLASSIFIED 


Security  Classification 


KEY  WORDS 


LINK  A 


LINK 


Engineering  F light  Test 
Stability  $  Control  Test 
Performance  Test 
Jettison  Test 
Firing  Test 

UH-1C  (UH-1B/54U)  Helicopter 
M-5  Grenade  Launcher 
XM-158  Rocket  Launcher 
XM-159  Armament  Subsystem 
XM- 15b  Multiarmament  Mount 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  (corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
“Restricted  Data”  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2 h.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200.  10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  ,rve  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  repo  t  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTIiOR(S):  Enter  the  name(s)  of  authorfs)  as  shown  on 
or  in  tho  report.  Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year;  or  month,  year.  If  mote  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.  TOT  A  L  NUMBER  OF  PAGES-  The  total  page  count 
shoulJ  follow  normal  pagination  procedures,  i.e.,  enter  l tie 
numher  of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES'  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

?b,  8c,  &  8cf.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

9b.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


imposed  by  security  classification,  using  standard  statements 
such  as: 


(1) 

(2) 

(3) 

(4) 

(5) 


"Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC.” 

“Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.” 

"U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


“U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 


“All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSO  iNG  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  lor)  the  research  and  development.  Include  address. 

13-  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS),  (S),  (C),  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional. 


HSSAiit- 


UNCLASSIFED 


.Sernritv  firatinn 


